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Introduction 77
The aim of obstetric training programs worldwide is to produce obstetricians who 78 achieve good fetal and maternal outcomes in independent practice. One of the key 79 steps in achieving independent practice in any operative skill is the transition between 80 performing a procedure under direct supervision to performing it with indirect 81 supervision, i.e. with help immediately available if required but without a senior 82 clinician present at all times (1). Determining the right time for trainees to embark 83 upon this transition involves a difficult balance between providing optimal 84 educational opportunities to advance surgical skills and ensuring patient safety (2, 3). 85
86
Transitioning to independent practice is a practical and psychological milestone and 87
according to transitional psychology trainees should move through the key stages of 88 preparation, encounter, adjustment and stabilization (4). Moreover, the principles of 89 proximal development and constructive friction suggest that the most effective 90 learning will occur when there is a gap between a trainee's current unaided 91 capabilities and the skill level required for full independence (5, 6) . In theory, an 92 making a significant medical error can have a devastating impact on trainees' self-127 confidence (14) . 128
129
The objectives of this study are firstly to determine whether trainees in the initial 130 stages of indirectly supervised practice have a significantly higher likelihood of 131 adverse operative outcomes compared to trainees at later stages of indirect training 132 and secondly to examine whether performing a higher number of cases in the directly 133 supervised period is associated with an improvement in patient outcomes in the initial 134 transition to indirectly supervised practice. We hypothesize that deliveries by trainees 135 in the initial phase of indirectly supervised practice will be associated with more 136 adverse events, and that such events could be reduced through greater experience 137 during directly supervised training. 138
139
Methods
140
We identified 13,861 deliveries performed by trainee and senior obstetricians over a 141 
148
Following medical school graduation in the UK, new doctors first undertake two 149 years of general medical and surgical practice. Once this training is complete, they 150 become eligible for a seven-year specialty-training program in obstetrics andgynecology, during which they change hospitals yearly. In our analysis, trainee 152 obstetricians are those in years one to five of specialty training, while senior 153 obstetricians are those with greater than five years of specialty training. Our sample 154 (n=100) is comprised of 11 senior obstetricians permanently employed at the study 155 centre, 25 senior obstetricians who worked at the centre for 1-2 years during the study 156 period, and 64 specialty trainees who worked at the centre during some or all of the 157 study period. Fifty-three obstetricians who had completed a year at the study centre 158 early in their training returned to work there in later training years (n=18) or as senior 159 obstetricians (n=27) or both (n=8). Doctors with fewer than 10 deliveries during the 160 study period were excluded from the analysis as they were most likely locums or 161 visiting fellows who may not have trained according to the UK standardized national 162 curriculum. Frequencies of each type of delivery carried out by trainees in each year 163 of specialty training pooled over the five-year study period are shown in Table 1 . other indirectly supervised trainees, we used a series of binary mixed-effects logistic 215 regression models with trainee-level random-effects. These models allow us to 216 account for individual differences between trainees and to produce standard errors 217 that are robust to the clustering of deliveries within trainees. Birth-weight, gestational 218 age, maternal age and maternal BMI were included as fixed-effects. We did not 219 compare rates of complications for trainees in their final year of direct practice versus 220 their first year of indirect practice because complications arising from cases 221 undertaken during direct practice are typically attributed to the supervising senior 222
doctor. 223
To further reduce inter-operator variability and investigate the relationship between 225 increasing trainee experience and procedure outcomes, we used a series of binary 226 mixed-effects logistic regression models with trainee-level random effects to compare 227 outcomes for deliveries performed within the first 3 months of indirectly supervised 228
practice versus deliveries performed in the subsequent 9 months of the same year by 229 the same group of trainees. Birth-weight, gestational age, maternal age and maternal 230 BMI were included as fixed effects. those demonstrated by the analyses described above to be significantly higher among 241 trainees in the first indirectly supervised year. We then used linear regression models 242 to find the line of best fit and the sum of least squares to determine the goodness-of-243 fit. The small sample size prohibited multivariable modeling at the individual level, 244 but to check for systematic differences in the difficulty of deliveries performed 245 between trainees, we constructed an index variable using maternal age, maternal BMI, 246 birth-weight and gestation for all deliveries performed by individual trainees during 247 the first indirectly supervised year. Such differences were negligible and thus no 248 adjustment was made.
250
Finally, we investigated whether trainees' experience could be accurately assessed 251 using the number of workplace-based assessments they had completed. The procedure 252 described above was used to examine the correlation between the number of work-253 placed based assessments obtained and the total number of directly supervised 254 procedures performed within the last year of directly supervised training. 255 256 All analyses were conducted using the R statistical software package version 2.14.1. 257
Findings were considered statistically significant at an alpha level of 0.05. Figure 1A ). We 295 also note a trend towards a lower incidence of severe maternal perineal trauma at 296 instrumental delivery in the first year of indirect supervision, although this association 297
was not statistically significant (R 2 =0.26, p=0.09) ( Figure 1C) . A negative correlation 298 exists between the number of instrumental deliveries performed under directsupervision and both rates of estimated blood loss >1 litre at instrumental delivery 300 and failed instrumental delivery, but neither association is statistically significant 301 (Figures 1B and D) . 302
303
There is no correlation between the number of Caesarean sections performed by 304 trainees and the number of assessments completed (Figure 2A found no significant differences among trainees in their first indirectly supervised 318 year compared to their more experienced colleagues. While these findings suggest 319 that the competency-based training program at our center prepares trainees well for 320 some aspects of independent practice, they also raise the important question of 321 whether providing additional experience prior to the transition to indirectly supervised 322 practice could help reduce all types of adverse patient outcomes. 323
For the small number of trainees who undertook both directly and indirectly 325 supervised training at our centre, we show that having gained more experience prior 326 to transitioning to indirectly supervised practice is associated with lower rates of 327 maternal haemorrhage. In addition, there was a 3-fold increase in the number of 328 emergency operative deliveries performed by trainees in their first year of indirect 329 supervision compared to trainees in their final year of direct supervision. While a 330 major limitation is that we did not have a sufficiently large sample size (n=15) to 331 robustly assess these correlations, our findings (especially when taken together with 332 the improvements in outcomes seen over time during the indirectly supervised phase) 333 suggest possible benefits to trainees of gaining experience rather than simply 334 preparing for assessments of competency. While we were able to assess only 335 immediate delivery outcomes, maternal obstetric haemorrhage and failed instrumental 336 delivery are both strongly associated with maternal morbidity in the puerperium (16, 337
17). Failed instrumental delivery is also associated with neonatal morbidity (18), 338
although we did not find significant differences in other immediate neonatal outcomes 339 by training year. Workplace-based assessment numbers provide a faithful estimation of the total 372 numbers of procedures performed for operative vaginal delivery (but not for 373
Caesarean section) and may therefore be a useful tool in assessing training from anexperience point-of-view. Future research should examine not only the total number 375 of assessments completed but also the relationship between how well trainees 376 performed on these assessments and their subsequent clinical outcomes in 377 independent practice. These findings could illuminate whether it is possible to 378 prospectively identify trainees who are at risk of poor performance. 379
380
The use of patient outcomes to evaluate training programmes in obstetrics allows a 381 practical and patient-centred approach (23), which has also been used in other surgical 382 disciplines (24). We have focused primarily on operative outcomes but we also 383 recognize that increasing seniority demands simultaneous development of other 384 important skills (including communication and organizational skills) for which 385 trainees undergoing important career transitions may feel under-prepared (25). 386
Quality of surgical supervision and learning experience is also a key factor in 387 determining how valuable trainees consider their programs (26, 27), and this may 388 correlate better with surgical outcomes than the absolute number of cases performed. 389
Continuity of training within the same institution and surgical team may also be 390 important in developing surgical skills more efficiently, as communication and 391 relationship with supervising senior clinicians have often been identified as important 392 to surgical education (26, 28). 393
394
The main strengths of our study are the inclusion of trainees who had completed both 395 directly and indirectly supervised practice in the same setting, thus minimizing the 396 variability in training opportunities available during the study period and inter-397 operator differences. Our study also has several limitations. Focusing on trainees 398 following the national RCOG curriculum for obstetrics training in a single centremeans that our findings may not be generalizable to other settings. Additionally, 400 while we were able to control for characteristics of the maternal-fetal dyad and for 401 variability between individual trainees, we were unable to control for factors such as 402 the urgency of each procedure and the management of the patient during labor and 403 prior to delivery. In particular, a potential source of bias is that more junior trainees 404 may have undertaken systematically less complicated deliveries involving lower-risk 405 women and infants, while more senior trainees may have undertaken higher-risk 406 deliveries. We cannot fully control for this possible selection bias in our models. 407
408
Conclusion 409
Transitioning to indirect supervision for operative procedures is a significant 410 milestone in the training pathway. All the trainees in our study passed competency-411 based training. However, analysis of their operative outcomes suggests a need for 412 further operating experience to limit patient harm, particularly with respect to 413 maternal outcomes. Calculation of the number of directly supervised procedures 414 required to produce no difference in patient outcomes in the initial independent phase 415 is a potential target for future research. The need for increased opportunities to build 416 experience is relevant not only to obstetric training but could apply across other 417 surgical and procedural disciplines. consultant obstetricians. The number in brackets after the category denotes the 528 number of doctors contributing data at each tier. Data from 100 doctors in total is 529 included in the study, with 53 contributing data at more than one tier over the study 530 period. 531 544 Table 3 --Delivery outcomes for indirectly supervised trainees in their first 3 months 545 compared to the same group in the subsequent 9 months. Delivery outcomes are 546 adjusted for birth-weight, gestational age, maternal age and maternal BMI, as fixed 547 effects and trainee as a random effect. N=2841 total deliveries by 22 trainees 548
Model coefficients are expressed as odds ratios and 95% confidence intervals (CI). 549 **p<_0.01 550 551 552
